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(71) We, MALLINCKRODT, INC., 
a Corporation organised and existing under 
the laws of the State of Missouri, United 
States of America, 675 Brown Road, St Louis, 
State of Missouri 63134, United States of 
America, (formerly of P.O. Box 5439, St. 
Louis, State of Missouri 63147, United 
States of America), do hereby declare the 
invention for which we pray that a patent 
may be grancd to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

This invention relates to 3,4 - bis'lowcr 
acylamino) - benzamides which are useful 
as intermediates in the preparation of 3 - 
(lower acylamino) - 5 - amino - 2,4,6 - tri- 
iodobenzamides, and to methods for making 
and us;ng such M>:npotinn$. 

Certain 3,5 - disubstituted, 2,4,6 - triiodo- 
anilides of polyhydroxyraonobasic acids have 
recently been found useful as non-ionic X- 
ray contrast agents. Among such compounds, 
for example, are 3 - gluconamido - 5 • [N • 
(2 - hydroxycthyl) acctamido] - 2,4,6 - tri- 
iodo - N - methylbenzamidc and 3 - glucon- 
amido - N - (2 - hydroxyethyl) - 2,4,6 - 
triiodo - 5 - (N • mcthylacctamidojbcnz- 
amide (W. German Offcnlegungsschrift 
2,456,685). 

In the preparation of such iodinated non- 
ionic X-ray contrast agents a 3 • (lower 
acylamino) - 5 - amino - 2,4,6 - triiodo- 
benzamide is a key intermediate. Such inter* 
mediates have been prepared from commer- 
cially available 3,5 - dinitrobenzoic acid by 
a series of reactions of which the following 
six step sequence is illustrative: 

3,5 - dinitrobenzoic acid (I)-»3 • amino - 
5 - nitrobenzoic acid (II)-*3 - acctamido - 
5 - nitrobenzoic acid (III)-*3 - acetamido - 
5 - aminobenzoic acid (IV)H>3 - acetamido • 
5 - amino • 2,4,6 - triiodobenzoic acid (V) 
->3 - acetamido - 5 • thionoylamino - 2,4,6 • 
triiodobenzoylchloride (VI)-*3 - acetamido - 



5 - amino • 2,4,6 • triiodo - N - methyl- 
be nzamide (VII). 

It will be appreciated that this reaction 
is quite complex. The yields arc poor and 
substantial purification procedures are re- 
quired. The cost to operate this reaction 
commercially would be quite high. 

A two step method for preparing com- 
pound IV from compound I is disclosed in 
British Patent Specification No. 1,374,338. 
This involves the sequence: 

I->3,5 - diaminobenzoic acid (VIII)->IV. 

Compound VIII is dissolved in an aqueous 
mineral acid solution and acetic anhydride, 
(molar ratio 1 — L7 with respect to WA) 
sJdcd in the cold, whereby compound IV 
precipitates in the form of its mineral acid 
salt, from which the free acid is liberated 
by treating the salt was a base. 

W. German Offenlcgungsschrift 2,424,197 
discloses a two step method for preparing 
compound V from compound VIII. This 
involves the sequence: 



VIII->3,5 • bis 



acetamidobenzoic 

acid (IX)->V. 



A hot aqueous suspension of compound VIII 
is treated with acetic anhydride (molar ratio 
2.5 with respect to VIII) to form compound 
IX, which precipitates when the soluiion 
cools. The reaction mixture is then acidified, 
treated with NalCL solution, and heated. 
Upon cooling, compound V precipitates. 

Although this is an improved method for 
obtaining compound V, the steps still re- 
quired to go from V to VII are complex 
and result in poor yields and low quality 
product. 

The present invention provides a benz- 
amide having the general formula: — 



50 



55 



60 
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>H1 



10 



15 
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wherein R' and R J are each independently a 
hydrogen atom or a lower alkyl group : and 
R> and R 4 are each independendy a lower 
alkanoyl or lower alkoxy - (lower alkanoyl) 

gr< By P 'using the procedure of the present in- 
vention yields are substantially increased, the 
number of reaction steps reduced and puri- 
fication procedures gready simplified. Thus, 
d z overall cost of the reaction is such mat 
it would be attractive on a commercial basis. 
Furthermore, it was unexpected that a 3,5 - 
bis - acylamino - benzoic acid amide could 
be iodinated. It was thought that a free 
amino group was needed on the benzoic acid 
amide to bring about iodinauon. 

By the term "lower" (e.g. lower alkyl, 
lower acyl) is meant that the group referred 
to contains between one and six carbon atoms. 
Furthermore, the term "lower acyl is in- 
tended to cover lower alkanoyl, i.e. acetyl, 
propionyl, etc., and lower alkoxy - (lower 
alkanoyl), i.e. methoxyaccryl, ethoxyacetyl, 

methoxypropionyl, etc. . 

The 3,5 - bis - (lower acylamino)benz- 
amides of the present invention are prepared 
by first hydrogenating a 3,5 - duutrobenz- 
arnide to form the 3,5 - diaminobenzamide 
which is then acylated to form the 3,5 - bis - 
(acvlamino)benzamide. 

More particularly, a 3,5 - d-iminobcnz- 
aroide having the general Wnv'la: 



wherein R' and R' are each independently a 
hydrogen aiom or a lower alkyl group, and 
R 1 and R' are lower acyl groups, is prepared 
by reacting a 3,5 - diaroinobenzamide of the 
formula : 



50 



COM' 7 



wherein R l and R s are as above denned with 
an acylaung agent to form the acylated 3,5 - 
diaminobenzamide. 

By the term "acylating agent" as used 
herein is meant a substance capable of react- 
ing with an aromatic amino group to form 
an alkanoylamino group (e.g., acetamido, 
propionamido, etc.) or an alkoxy - alkanyl- 
amino group (e.g., methoxylacetamido, 
ethoxyacetamido, 3 - methoxypropionamido, 
etc.). Such agents include, for example, acid 
anhydrides (e.g., acetic anhydride, propionic 
anhydride, etc.) and acyl halides (e.g., acetyl 
chloride, propionyl bromide, methoxyacetyl 
chloride, etc.). 

In accordance with a further aspect of the 
present invention the 3 - (lower acylamino) - 
5 - amino - 2,4,6 - triiodomenzamide having 
the general formula: 



551 



601 



65 



70 



.SI. 



wherein R ! and R* are each independently a 
hydrogen atom or a lower alkyl group and 
R 4 is a lower acyl group, arc prepared by 
treating a lower acylamino - benzanude hav- 
ing the general formula: 



wherein R 1 and R' are each independently a 
hydrogen atom or a lower alkyl group, is 
prepared by hydrogenating a compound hav- 
ing the general formula: 



75 



40 



wherein R' and R : are as denned above, to 
form the corresponding 3,5 - diaminobenz- 
amide. . . 

An acylated 3,5 - diaminobenzamide repre- 
sented by the formula 



45 



wherein R\ R J and R 4 are as defined above, 
and R 1 is a lower acyl group, with an 
iodinaung agent in an aqueous medium, ad- 
vantageously under acid conditions to lorm 
the 3 - (lower acylamino) - 5 - ammo - 
2,4,6 - triiodobenzamide. 

Illustrative of iodinating agents which may 
be used are solutions of iodine, iodine mono- 
cholride, HICI* sodium iodochloride and 
potassium iodochloride. ... 

Another embodiment of this invention, « 
directed to a method for preparing a 3 - 
(lower acylamino) - 5 - amino - 2,4,6 - tri- 
iodobenzamide which comprises hydrogenat- 
ing a 3,5 - dinitrobenzamide to form a 3,5 - 
diaminobenzamide, reacting the 3,5 - di- 



80 



85 
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aminobcnzamide with an acylating agent to 
form an acylatcd 3,5 * duimincbcnr- 
amide, and reacting the acylated 3,5 - 
diaminobenzamide with an iodinating 

5 agent in an aqueous medium, advantageously 
undet acid conditions to form the 3 - lower 
acylamino) - 5 - amino - 2,4,6 - triiodo- 
benzamide. 

Among the compounds within the scope 

10 of the invention, the following may be men- 
tioned Sy way of example: 

3,5 - bis • acetabido - N,N - dimethyl- 
benzamide 

3,5 - bis(methoxyacetamido) - N - methyl- 
1 5 benzamide 

3,5 - bis - acetamido - N - (propyl)- 
benzamide 

3,5 - bis - acetamido - N,N - dicthyl- 
benzamide 

20 The hydrogenation of the 3,5 - dinitro- 
benzamide is preferably carried out in a 
solution of the dinitrobenzamide in a sol- 
vent therefore fhich is not readily reduced by 
hydrogen, such as a lower alkanol (e.g., 

25 methanol, ethanol, etc.), a lower aliphatic 
ester (e.g. ethyl acetate), or a lower aromatic 
hydrocarbon (e.g. toluene). It may also be 
effected in slurries of the dinitrobenzamide in 
water and hydrochloric acid whereby as rc- 

30 duction progresses it forms an amine hydro- 
chloride and solution is effected. The hydro- 
genation of the dinitrobenzamide is prefer- 
ably accomplished with hydrogen at an ele- 
vated pressure in the presence of a hydro- 

}5 genation catalyst such as Rancy nickel, or 
preferably, a supported noble metal catalyst, 
such as 5% platinum or palladium on carbon. 
The actual pressure is not critical but hydro- 
gen pressures in the range of about 10 to 

40 about 50 psig are suitable. 

After the theoretical amount of hydrogen 
has been taken up, the catalyst is filtered off, 
and the 3,5 - diaminobenzamide may be 
isolated, as such, by evaporating the solvent. 

45 Alternatively, the nitro functions may be 
reduced to amino functions by means of a 
reducing/hydrogenating agent such as iron 
and hydrochloric acid or tin and hydrochloric 
acid. 

50 Preferably, the diamine is converted to the 
dihydrochloride or other acid addition salt. 
This may be accomplished, for example, by 
passing dry hydrogen chloride into the solu- 
tion of the diamine, to precipitate the di- 

55 hydrochloride, or by mixing the solution of 
the diamine with an excess of aqueous hydro- 
chloric acid solution and evaporating the 
resulting solution to dryness. 

The acylation of the 3 2 5 - diaminobenz- 

*>0 amide is most conveniendy carried out by 
first preparing an aqueous solution of the 
diamino compound, in the form of a salt. If 
the diamino compound is isolated as a salt 



(such as the dihydrochloride) following the 
hydrogenation reaction, this salt may simply 65 
be dissolved in water. On the other hand, 
if the diamino compound is isolated as the 
free amine it may be dissolved in water con- 
taining sufficient acid, suitably hydrochloric 
or other common mineral acid, to accom- 70 
plish solution of the amine. The acylation is 
preferably carried out at a reduced tempera- 
ture to minimize hydrolysis of the acylating 
agent by water. Preferably the temperature 
should be below approximately 30-C. The 75 
acylating agent is preferably added in small 
portions to the cooled solution of the di- 
amine. Alternatively, the diamine may be 
dissolved in a suitable organic solvent, such 
as ethyl acetate, toluene, etc., and the acylat- 80 
ing agent added to this solution. In certain 
instances, the acylating agent itself (e.g. ace- 
tic anhydride) may serve as a solvent/reac- 
tion medium for the diamine. 

The degree of acylation of the diamine is 85 
dependent upon the relative amount of acylat- 
ing agent added. Ordinarily, if the molar 
ratio of acylating agent to diaminobenzamide 
is in the range of about 1 to about 1.5, the 
product consists primarily of the monoacyl- 90 
amino derivative. As the proportion of 
acylating agent increases, the proportion of 
bis - acylamino derivative in the product 
increases. Use of about 2 to about 4 mols. 
of acylating agent per mol. of dianunobenz- 95 
amide yields a product which is primarily 
the bis-acylaraino derivative, with varying 
iesser amounts of the monoacylamino deriva- 
tive. 

As noted previously, the invention, in its 100 
method aspect, relates to the iodination of an 
acylated 3,5 - bis - (lower acylamino)bcnz- 
amide to yield a 3 - (lower acylamino) - 5 - 
amino - 2,4,6 - triiodobenzamide. The iodina- 
tion is accompanied by the deacylation of 105 
one acylamino group to form the desired 3 - 
(lower acylamino) - 5 - amino - 2,4,6 - tri- 
iodobenzamide. It is carried out in the usual 
manner employing a sufficient amount of 
the iodinating agent to bring about tri- 110 
iodination. Preferably, it is carried out in an 
aqueous medium under acid conditions, i.e. 
at an acid pH from below 1 to about 6 at 
the iodinating temperature, i.e. 20 to 85 e C. 
For example when utilizing sodium iododi- 1 1 5 
chloride (NalCl,) about 3 equivalents is used 
per equivalent of the 3,5 bis(lowcr acylamino) 
be nzami de. It is generally added as a 2.4M 
solution over a period of 1 to 30 minutes 
to the acylamino benzamide in an aqueous 120 
medi um. The mixture is agitated for 2 to 15 
hours and the iodination is completed by 
warming at 65 to 85 °C for 4 to 10 hours. 

It is noted that, in accordance with nomen- 
clatural convention, in a benzamide either 125 
position on the ring that is meta to the 
carboxamidc function may be assigned to 
the number w 3'\ in which cse the other meta 
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position is assigned to the number "5". It 
is further noted these number assignments 
arc sometimes reversed more or less 
arbitrarily to accomplish a particular nomcn- 
5 clatural purpose. 

The invention is further illustrated by the 
following examples. Example 1 illustrates the 
preparation of an intermediate derivative. 

Example 1 

10 3,5 • Diamine - N - methylbenzamide 
Dihydrochloride 
3,5 - Dinitro - N - methylbenzamide 
(0.1 moi: 22.5g.) was slurried in methanol, 
and the slurry and reaction vessel was purged 

15 with nitrogen. Catalyst ($% Pd/C; 3.0 g.) 
was added, and reduction of the nitro groups 
was carried our with hydrogen at elevated 
pressures (10—50 psig). The theoretical 
amount of hydrogen (0.6 mol) to form 3,5 - 

20 diamino - N - methyl - benzamide was taken 
up in the reaction. The catalyst was filtered 
off, and the filtrate was run into a solution 
of hydrochloric acid (20 ml water +20 ml 
cone, acid; 0.2 mol HQ). The resulting solu- 

25 tion was evaporated to dryness under re- 
duced pressure, leaving a residue of 3,5 - 
diamino - N - methylbenzamide dihydro- 
chloride. 

Example 2 

30 3,5 - Bis - acetamido. - N - methylbenzamide 
3,5 - Diamino - N - methylbenzamide di- 
hydrochloride (0.1 mol), prepared as des- 
cribed in Example I, was dissolved in water 
(750 ml) at 25 "C. Acetic anhydride (0.25 

35 mole; 25 g) was added during a 20 minute 
period. The solution was stirred for 45 
minutes, and additional acetic anhydride (0.05 
mol; 5 g) was added. Stirring was continued 
for an additional 45 minutes, after which 

40 another aliquot of acetic anhydride (0.05 mol; 
5 g) was added, and stirring was continued 
for an additional 40 minutes. TLC (25:5:1, 
Chloroform: Methanol: Ammonia) examina- 
tion of the reaction mixture indicated that 

45 the crude product was predominantly 3,5 - 
bis - acetamido - N - methylbenzamide, with 
about 5 — 10".. 3 - acetamido - 5 - amino - 
N - Diethylamide. 

Example 3 

50 Preparation of 3 - Acetamido - 5 - amino - 
2,4,6 - triodo - N - methylbenzamide from 
3,5 - bis - acetamido- N - methyl - benz- 
amide 

The reaction mixture from Example 2 was 
S5 diluted with water (250 ml.) and heated to 
45— 50 = C A solution of 2.4 N NaICUO.33 
mol; 138 ml) was added during a 30 minute 
period. The reaction mixture was cooled to 
25 C C. and stirred overnight. The slurry was 
60 heated to 70— 72 r C. and stirred for 6.5 hours 
and then was cooled to 30 J C. and filtered. The 
solids were first re-slurried in water (200 



ml) for four hours, then twice under rcflnx 
in methanol (150 ml) for four hours. The 
light tan solid wss air dried overnight to 65 
yield 41.0 g. (70.1% of product. NMR and 
IR spectra and TCL analysis (25:5:1, 
Chloroform : Methanol : Ammonia) indicated 
that the product was predominantly 3 - acet- 
amido - 5 - amino - 2,4,6 - triiodo - N - 70 
methylbenzamide. The TLC results indi- 
cated the presence of a small proportion 
(estimated to be <2*.\'.) of material of lower 
R f , speculated to be a diiodo compound, as 
well as a small proportion (estimated to be 75 
<Z%) of material of higher R f , speculated 
to be 3,5 - diamino - 2,4,6 - triiodo - N - 
methylbenzamide. 

Compounds within the scope of the in- 
vention other than those specifically dis- 80 
closed in the preceding examples may be 
prepared by similar methods. For example, 
the treatment of a solution of a 3,5 - diamino- 
benzamide, such as 3,5 - diamino - N - 
methylbenzamide, with a lower alkoxy - 85 
(lower acyl) halide, such as methoxyacetyl 
chloride, under conditions generally similar 
to those described above, results in the for- 
mation of a mixture of acylatcd products 
containing varying proportions of the 3 - 90 
amino - 5 - (lower alkoxy - lower acyl- 
amino) - ben2amide (e.g., 3 - amino - 5 - 
methoxyacetamido - N - methylbenzamide) 
and of the 3,5 - bis - (lower alkoxy - lower 
acylamino) benzamide (e.g., 3,5 - bis^mcth- 95 
oxyacctamido) - N - methylbenzamidc, de- 
pending on the proportions of the 3,5 - 
diaminobenzamide and the acylaiing agent 
employed. The diacylatcd product may then 
be iodinatcd under the conditions generally 100 
described above wirh the resultant fornv.ticn 
of the corresponding 3 - amino - 5 - (lower 
alkoxy - lower acylamino) - 2,4,6 - triiodo- 
benzamidc (e.g., 3 - amino - 5 - methoxy- 
acetamido - 2,4,6 - triiodo - N - methyl- 105 
benzamide). 

WHAT WE CLAIM IS — 
L A benzamide having the general for- 
mula: 



110 



wherein R l and R- are each independently a 
hydrogen atom or a lower alkyl group; and 
R* and R 1 are each independently a lower 
alkanoyl or bwer alkoxy - (lower alkanoyl) 
group. H5 

2. A compound as claimed in claim l 
wherein R 1 and R' are each independently an 
acetyl, proptonyl, methoxyacetyl, ethoxy- 
acetyl or methoxypropionyl group. 

3. A compound as claimed in claim 2 120 
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wherein R' is a hydrogen atom and R* is a 
lower alkyl group. . 

4. A compound as claimed in claim 3 
wherein R 1 is a methyl group. 
S 5. A compound as claimed in claim 3 
or claim 4 wherein R 1 and R* are acetyl 

groups. . . 

6. A process for preparing a compound 
as claimed in claim 1 which comprises 
10 hydrogenaung a 3,5 - dinitrobenzamide hav- 
ing the general formula: 



wherein R\ R% R* and R 1 arc as defined 
in claim 1. 

7. A process as claimed in claim 6 sub- 
stantially as hereinbefore described. 

8. A compound as claimed in claim 1 
whenever prepared by a process as claimed in 
claim 6 or claim 7. 

9. A process for the preparation of a 3 - 
(lower acylamino) • 5 - amino - 2,4,6 • tri- 
iodobenzamide having the general formula: 



cm; * 



wherein R l and R* are as defined in claim 
1 to form a 3,5 - diaminobenzamide having 
15 the general formula: 



wherein R 1 and R* arc a* defined in claim 
1 and acylating said compound to form 
an acylated 3,5 - diaminobenzamide having 
20 the general formula : 



con; , 



wherein R 1 , R 3 and R« are as defined in 
ria.m J, which process comprises reacting an 
acylated 3,5 - diaminobenzamide as claimed 
in any one of claims 1 to 5 in an aqueous 
medium with an iodinating agent under acid 
conditions. # 

10. A process as claimed in claim 9 wnere- 
in the iodinating agent is iodine, iodine 
monochloridc, HICU sodium iododichlonde 
or potassium iododichloride. 

11. A process as claimed in claim 10 
wherein the icttnating agent is sodium lodo- 
chloride. . . 

12. A process as claimed in claim 3 sub- 
stantially as hereinbefore described. 

MALLINCKRODT, INC., 
Per: Boult, Wade and Tennant, 
34, Cusitor Street, 
London, EC4A 1PQ, 
Chartered Patent Agents, 
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